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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECINICAL NOTE NO. 1139

FLIGHT TESTS OF AN ALL-MOVABLE HORIZONTAL
TATT, WITH GEARED UNBALANCING TABS ON
THE CURTISS XP-L2 ATRPLANE

By Harold F. Kleckner
SUMMARY

Results are presented of flight tests of an all-
movable tail with geared unbalancing tabs installed on
the Curtiss XP-l2 airvplane. Previous tests of the all-
movable tail showed that a servotab control and bobweight
provided a stable variation of stick force with speed and
acceleration; however, the stick forces were unsatisfac-
torily light for rapid maneuvers. After these tests the
pilot's stick was connected directly to the tall and the
tabs were changed from servotabs to geared unbalancing
tabs., The present paper covers tests made with this
control arrangement.

The unsatisfactory lightness that had been obtained
wlith the servotab control was eliminated with the tabs
connected as geared unbalancing tabs. In the final con-~
figuration, which included stick-centering springs to
Increase the stick forces in landing, the all-movable
tail was considered a satisfactory control, indistin-
guishable from a good conventlonal elevator. The longi-
tudinal stability and control characteristics of the air-
plane were not materially changed with the all-movable
tail, and no unconventional control characteristics were
encountered in sideslips or in stalls. A cockpit control
over the tab gear ratio was found satisfactory for
adjusting the stick force per g in turns according to the
pilot's preference. ‘

Extrapolatlion of the flight data obtained showed that
satisfactory landings and desirable stick forces in turns
would be obtainable with an installation similar to that
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on the XP-lj2 airplane for a center-of-gravity range

from 10 to 30 percent mean aerodynamic chord as compared
with a range from 22 to 30 percent of the mean aerody-
namic chord for the original conventional tail. Calcula-
tions showed that the same total range of permissible
center-of-gravity locations provided by the conventional
tail of the XP-L2 airplane could be obtained with an all-
‘movable tail of 35 percent less area; however, the per-
missible center-of-gravity range for the all-movable tail
would be located 7 percent of the mean aerodynamic chord
forward of the range permitted by the conventional taill.
At Mach numbers near unity the all-movable tail will
reguire a power boost control that could be adapted as
well to a movable stabilizer. The reduction in tail slze
that can be obtained with an all-movable tall, however,
would be expected to improve elevator control character-
istics for this high-speed range.

INTRODUCTION

The initial flight tests of the all-movable hori-
zontal tall on the Curtiss XP-lj2 airplane were reported
in reference 1. These tests were made with a servotab
control arrengement that gave near-zero variations of
stick force with elevator angle and tail angle of attack.
With this control arrangement the all-movable tail
appeared to offer a means of eliminating difficulties
that were being reported by pllots in recovering from
dives at high Wach numbers, namely excessive stick forces
and elevator ineffectiveness. 1In the initial flight
tests the elevator control with the servotab arrangement
was found to be unsatisfactory. Although the bobweight
in the control system gave a stable variation of stick
force with speed and acceleration, the near-zero varla-
tion of stick force with stick deflection made the control
so light in rapid movements that the pilot felt uneasy
and uncertain in handling the airplane,. '

Lfter the initial tests of reference 1 the control
system was changed in order to obtain more conventional
variations of stick force with elevator angle and tail
angle of attack. The pillot!'s stick was connected directly
to the tail, and the tabs were changed from servotabs to
geared unbalancing tabs that were similar to those used
on the vertical tail surfaces of references 2 and 3. A

2
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program of flight tests was then carried out to evaluate
this configuration of the all-movable tail. The present
paper describes the results of these flight tests and
presents some additional analyses that are pertinent to
the use of an all-movable tail.

SYMBOLS

y . . . 1ift

CL, alrplane 1ift coefficlient "ag—

CLT tail 1ift coelficient

S wing area

Sm horizontal-tail area; includes area of sectlon
through fuselage

oy acceleration due to gravity

L tail length; distance from airplane center-of-
gravity position to elevator hinge line

q free-stream dynamic preasurs

A dynamic pressure ab tall

6+/6g  tab gear ratio

2
Vs indicated airspeed \: =4 )
Po /
Gm tall angle of attack
Be elevator deflection, measured from thrust axis
&+ tab deflection
Teot relative effectiveness of equivalent full-span tab
OCLp [0 Be

. ‘5CLT/53T
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Hinge moment
Che elevator hinge-moment coefficlent 208 —
| ApPeCe
be elevator span
Ce elevator root-mean-square chord
ChaT variation of elevator hinge-moment coefficient

with angle of attack of tail (éche/baT)

Chg variation of elevator hinge-moment coefficient
© with elevator deflection (6Che/é6@)

'(CLa) variation of tail 1ift coefficient with tail angle
/T of attack (bGLT;éaT)

pO mass denaslty of air at sea level

ATRPLANE AND TATL CHARACTERISTICS

The Curtiss XP-42 airplsne as tested with the all-
movable horizontal tall is shown in figure 1, and general
specifications for this alrplane are given in the appendix,
In order to determine the effect of the all-movable tail
on stability and control characteristics, the XP-li2 air-
plane with the all-movable tall was compared with an
equivalent airplane, the Curtiss P-36A, with conventional
tail. Comparable photographs of the two alrplancs are
shown in figures 1 to li. The long-nose engine and cowling
that constituted the primary difference between the
original XP-L2 airplanc and the P-36A airplane were
replaced with a conventional short-nose engine and cowling
prior to the tests with the sll-movable tail. Figures 1,
2, 3, and I indicate that the P-l2 airplane tested is
sufficiently similar to the P-36A sirplane to justify the
assumption that the twe alrplasnes are squivalent.

Characteristics of the all-movable tail are given in
the appendix snd are shown in figures 5H to 9. A three-
view drawing of the XP-l2 airplanc with the all-movable
tail is shown in figure 7. For comparative purposes, the

li
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dimensions of the original fixed-stabilizer horizontal
tail are also inclueded in the appendix. The area of the
all-movable toil wa3 made about equal to the ares of the
original tail; the aspech ratio was increased 1in
comparison with that of the original tail in order to
compensate in part for a shorbter tall length that was
required for installsation purposes. (See fig. 8.) The
tail effectiveness paramester LTST(CLQ> of the all-~

T

movable tail is equal to 0.9 that of the original fixed-
stabilizer tail,

Each side of the all-movable tall was mass-balanced
about the hinge line so that the product of inertia about
the tail hinge line and the alrplane center line was zero,.
The tabs were mass-overbalanced about the tab hinge lines
to give dynamic balance for rotation cof the elevators
(main surfece). The welght reguired to mass-balance the
all-movable tail tested was about 60 pounds, which is, in
general, greater than the weight required for a conven-
tional elevatcr. In a p?Odthlcn all-movable tail,
however, this weight could pvvhab Ly be considerably
reduced by decreasing the weight of the structure of the
tail behind the hiage line, e moment of inertia of the
gll-movable tall was sboutb lO times that of the original
eglavators, but becsuse the elsvator deflection for a given
stick tra vel was much less for the all-movable taill, the
inertia at the pllot's stlck was about the same for the
two elevators,

The control system used for the present tests is
shown in figure 10. The unit Lo change the tab gear ratio
was connected to s control in the cockpit so that the tab
gear ratio was adjustable by the pilot in flight. A tab
gear ratic of 1.0 was used in obtalining all the data
revorted herein, and the control with the varisble gear
ratio was tested only in the final flights. The relations
between tab angle and elsvator angle and between stick
position and elevator angle are shown in figure 11. The
elevator sngles were measured from the thrust axis, and
the teb angles were measured from the elevator mean chord
line, Becauss the tab-actuwating bell crank restricted the
total tab deflection, the tab gear ratio and the tab

2

gea
deflection available for trimming were limited.

Several other detalls of the tail installatlon are
worth noting. During the tests of reference 1, strips

J1
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were attached to the elevator trailing edge (fig. 9) to
move the aercdynamic center back to the elevator hinge
line. 7Thesc strips were kept on the elevator for the
present tests. The bobweight in the control system for
the tests of reference 1 was removed, but unbalance of

the control system gave an effective bobweight of 0.5 pound
stick force for the present tests. The gap between the
tail and the fuselage was partly sealed with sponge-rubber
strips; the gap around the “carry-through" structure was
not sealed. This gap conslisted of transverse openings
through the fuselage above and below the carry-through
structure, which was located between about 7 and 23 per-
cent of the tail chord at the tall-fuselage juncture.
These openings were necessary to permit unobstructed
deflection of the entire horizontal tail about the
2l,-percent-chord hinge location. .An idea of the shape

and size of the gap around the carry-through structure
rmay be obtained from figure 6.

Some changes were made during the present tests, and
these changes arse listed as followsy

(1) A spring was added between the tabs and the sle-
vator to take up the backlash in the linkage and thereby
to eliminate play in the tab system. The location of the
spring is shown in figure 10.

(2) Friction was added in the control system for
some Flights to increase the frictional stick force from
about 0.2 pound to #*2 pounds. The added friction was
useful in improving coordination for rapid muneuvers of
the elevator contrel with the aileron control, which was
heavy and had large friction.

(%) Stick-centering springs were added for the last
flights,., These springs gave a linear variation of stick
force with stick deflection and reguired a 1l6-pound stick
force to deflect the stick full forward or full back.

SCOPE AND GENERAL RESULTS OF TESTS

The flight tests reported herein are those made to
evaluate the sall-movable tail with geared unbalancing tabs.
The test program 1s glven in the following paragraphs in
chronological order together with some of the principal

6
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results so that the sequence of modifications can be
traced., Photographic records were taken with NACA
recording instruments during each flight. Measurements
were made of indicated airspeed, normal acceleration,
elevator position, tab position, and elevator stick force.
In addition, measurements were made of angle of sideslip,
rudder angle, and rudder force for the sideslip tests.
Alrspeed was measured by a swiveling static head and
shielded total head 1 chord length ahead of the wing tip,
and no correction was made for positlon error.

In the first flight with the geared tab control
system (fig. 10) the elevator was found to be unsatisfac-
torily light and sensitive. The records showed the fault
to Be inexact following of the elevator motion by the
tabs because of play in the tab control linkage. As a
result, there was effectively zero unbalancing tab action
for elevator movements of 0.5 or less. The play in the
tab system was eliminated by use of the spring between
the tabs and the elevator, and with added friction in the
system, the control was fairly satisfactory. The stick
forces were still considered light, particularly in
landing, and the tab gear ratio would have been increased
at this time if more tab deflection nad been avallable.

The test program was continued with this arrangement,
and seven {lights were made to obtain data on the longi-
tudinal stability and control characteristics. ©No changes
were made during these tests except that the added friction
was removed for several flights when accurate stick forces
were deslired. For this series of rlights the alrplane
welght was about 5800 pounds and the center of gravity
was at 23.8 percent of the mean aserodynamic chord with
wvheels down and at 25.7 percent with wheels up.

When the foregoing flights were completed, stick-
centering springs were added to the control system to
increcase the stick forces in landing and, to a lesser
degree, the stick forces in the normal flying range. The
springs were nolt added for the esrly tests because thelr
addition would have complicated the measurement of the
elevator hinge moments. With the springs installed the
control was considered satisfactory in all respects. The
present tests were then concluded with flights by different
NACA pilots. All the pilots agreed that with this control
arrangement the all-movable tail was a satisfactory longi-
fudinal control, indistinguishable from a good conventlonal
elevator,
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DETATLED RESULTS AND DISCUSSION

Dynamic Longitudinal Stability and Control

In the first flight of the present tests a short-
—-period control-free longitudinal oscillation was obtained
which did not damp out in one cycle as required by refer-
ence lp. The oscillation was the result of play in the
tab-actuating system, which resulted in effectively zero
unbalancing tab action for elevator movements of 0.5° or
less. After the play was eliminated, the oscillations
damped satisfactorily (fig. 12).

The problem of dynamic longitudinal control, or
control feel, was encountered in the initial tests of
reference 1 for which the all-movable tail was controlled
by a servotab. In these tests 1t was found that, because
of the use of a bobweight, the control forces were satis-
factory in steady maneuvers. For rapid or abrupt maneuvers,
however, the control forces were found to be too light to
satisfy the pilots. This lightness of the control resulted
from the fact that the stick-force variation with stick
deflection was near zero. The difficulty was eliminated
for the precsent tests when the servotab control was changed
to a direct control between the pilott's stick and the ele-
vator, with the tabs connected as geared unbalancing tabs.
This arrangement provided sufficient variation of stick
force with clevator deflection to indicate to the pilot
thie amount of control that he was using. The experience
with the closely-balanced all-movable tall and other
experiences with experimental conventional elevators have
shown the need for additional control requirements in
rapid mansuvers (reference 5).

Static TLongitudinal Stability

Representative data on the static longitudinal sta-
bility of the Curtiss XP-L2 airplane with the all-movable
tail are presented in figure 13. The data show that the
airplane is generally stable but is characterized by a
tendency toward stick-free instability at low speeds for
all power conditions and by a large loss 1in the stick-fixed
stability in changing the engine power from power off to
rated power.,
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A comparison is made in figure 1l of available stick-
fixed static stability data for the XP-L2 airplane with
the zll-movable tail with the data for the P-36A airplane
with the conventional fixed-stabilizer tail. In figure 1L
the P-36A elevator angles are shown on a scale bwice that
of the XP-l12 elevator angles because the P-364 elevator
effectiveness 1s approximately one-nalf the effectiveness
of the all-movable tail as estimated from the charts of
reference 6, With this arrangement equal slopes of 8¢

with Cp, represent approximately the same degree of
stick-fixed stability. BRecause the product LTST(CLQ)T

is smaller for the all-movable tail, the XP-L2 airplane
would be expected to have somewhat less stability than
the P-36A airplane, but figure 1l shows that the reverse
of this expectation is true. The relatively higher sta-
bility of the all-moveble taill might he attributed in
part to the fact that the fuselage gap was partly sealed,
whereas the fixed-stablilizer tall had an elevator with

an unsealed gap at the hinge line and with a large cut=~out
for the rudder. This difference 1in the gap conditions
may have led to a relatively higher estimated value of

the tail lift-curve slope for the fixed-stabllizer tall,

Elevator Control

Elevator control in turning flight.- Hepresentative
data obtained 1in turning rlight are presented in figure 15.
The data indicate that the stick force per g in steady
turns was within the limits prescribed in reference l for
the center-of-gravity position tested. Data in turning
flight were not obtained for comparative conditions after
the stick-centering springs were added. The springs would
be expected to increase the force per g in turns, the
increase being proportionately greater at lower speeds.
This effect with speed 1s favorable because it increases
the force required to stall the airplans at low values
of nermal acceleration.

With the stick-centering springes lnstalled and with
a tab gear ratio of 1.0, the stick force per g at 200 miles
per hour with power for level flight was measured to be
about 10 pounds. From these initial conditions the pilots
experimented with the cockpit control over the teb gear
ratio and found this type of control a satisfactory method
for reducing stick Forces in turning flight. The pilots!?

9

/



NACA TN No. 1139

favorable reaction to the control prompted the suggested
use (reference 7) of this type of control for extending
the center-of-gravity range for satisfactoryv stick forces
in turning flight.

Blevator control in sideslips.- The elevator control
characteristics were investigated in sideslips to deter-
mine whether the distorted flow conditions at the tail
in yawed flight caused unusual elevator force character-
i1stics with the all-movable tail. Data are presented in
figure 16 to show the variation of rudder and elevator
force and deflection with sideslip and the effect thereon
of power, flaps, and airspsed. The results show that no
unconventional elevator control characteristics were
encountered with the all-movable tail.

Blevator control in stalls.- The elevator control
characteristics were Investigated in stalls to determine
whethsr the all-movable tall caused unusual control char-
acteristics. Stalls were made with power on {(manifold
pressure, 25 in. Hg and engine speed, 2200 rpm) and power
off, both with {laps up and with flaps down. The duration

£ stalled flight was short in each case because the
XP-L2 airplane stalls with an abrupt and violent diver-
gence in roll and yaw. As a consequence, the pllot was
unable to f£ly beyond the stall and immediately applied
Torward elevator to check the instsbility. No unconven-
tional elevator control characteristics wsre encountered
with the 2l1l-movaeble tail in the stalls,

Llevator control in take-off .- Hlevator control
characteristics in take-off, including a take-off with a
15 mile~-per-tiour 90° cross wind, were normal in all
respects. In the tests of reference 1, when full-down
elevator (10°) was used to get the tuil up, the pilot
noticed a sudden and pewerful nose-down pitching of the
airolane as the tail of the airplane started to come up.
This effect occurred because the elevator initially was
stalled (10° down elevator combined with 13° ground
angle) and then became unstalled es the tail came up.
This diffliculty was eliminated when the maximum down-
elevator deflection was reduced to 6°.

The all-movable taill did not orovide sufficient ele-
vator control on take-off to satisfy requirements. The
tail would rise a2t L5 miles per hour with the center of
gravity at 26.8 percent meun aerodynamic chord. If the

10
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take-off criterion of reference L is applied, the speed
should be 35 miles per hour with the center of gravity

at 28.5 percent mean serodynamic chord (maximum rearward).
In order to meet control requircments on take-off, the
all-movable taill provides less control than a conventional
slevator for airplanes with conventional landing gear and
provides more control for airplanes with tricycle landing
gear. This result is to be expected because, with con-
ventional landing gear where the object is to raise the
tall from the ground quickly, the use of down elevator
with & fixed stabilizer results in greater upward tail
loads than can be obtained from the essentially unflapped
surface of an all-movable tall. In the case of tricycle
landing gear where the object is to raise the nose wheel
from the ground quickly, less downward load can be
obtained from the fixed-stabilizer conventional tail than
from the all-movable unflapped surface because the ele-
vator of the conventional tall must overcome the upward
leoad on the stabilizer.

Elevator control in landing.- Elevator control char-
acteristics Iin landing were satisfactory after the stick-
centering springs were added to the control system. Time
histories of typical landings made without and with the
springs installed are given in figure 17. The stick
forces at ground contact were 10 and 25 pounds, respec-
tively. The effect of the increase in stick force in
improving the feel of the control is not evident in
flgure 17, but 1s evident when the records are shown to
a larger scale in figure 18. Theuse records show that
with the springs added a more definite stick force is
agsociated with sach movement of the elevator (the force
leads the elevator motion slightly).

"he small variation of stick force with elevator
deflection in landing with the all-movable tall as com~
pared with the variation of stick force obtained with the
fixed-stabilizer tail is due principally to the linear
hinge-moment charecteristics on the all-movable tall over
the entire range of deflections and angles of attack.
Most conventional slevators have nonlincar hings-moment
characteristics for large angles of attuck and elevator
deflections so that an increase in the variation of stick
force with c¢levator deflection accompanies the luarge
up-elevator deflections used in landing.

}._J
Aeaed
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The pilots commented favorably on the relatively
greater response of the all-movable tail in landing and
in other low-speed maneuvers as compared with that of
some conventional elevators. The pilots were impressed
by the great response of the all-movable tail on the
XP-l2 airplane because some recent fighter airplanes
having narrow-~chord conventlonal elevators have given
sluggish control in  landing and at low speeds.

Elevator trimming characteristics.- The alrspessd
range for which the elevator control force could be
trimmed to zero, together with the control effectiveness
of the tabs, 18 shown in figure 19. The limited tab
movement avallable restricted the speed rangs for some
flight conditions. The requirements of reference li,
pertaining to adequacy of the elevator trim tab, would
be met 1if the downward tab deflection were increased
about 2°9.

L small loss in tab effectiveness is shown in
figure 19 for the conditlon of flaps down and power off.
This loss amounts to a cnange in stick force of about
0.3 nound per degree elevator deflection at 80 miles per
hour and contributes to the light stick forces encountered
in landing.

Elevator Hinge-Moment Characteristics

& value of the elevator hinge-moment parameter ChaT
was obtalned by use of data from stick-relecase pull-ups.
A time history of a typlcal maneuver of this type 1s
given in figure 20, A valus of Cham is obtained from

a conslderation of the movement of the free elcevator as
ths engle of attack at the tall changes becsuse of the
change in the normal acceleration of the alrplane. The
chenge in tail angle of attack consists of one increment
due to the change 1n angle of attack of the airplane and
2 sccond increment due to the curvature of the Tlight
pathi, In addition to the change in tsil angle of attack,
the 0,5-vound bobwelght and the hinge moment on the tail
surface due to the camber effect of the curved flight
path also affect the movement of the free elevator. The
value of the hinge-moment paramcter Chg, Wwas computed

to be -0.0002 per degree when an allowance was made for
the bobwsight and the camber effects,

12
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The value of the elevator'hinge—moment parameter Chgg

was determined from the increments of stick force and ele-
vator angle used in pull-up maneuvers from trimmed level
flight, such as those for which time histories are shown
in figure 12. For these calculations the ratio of dynamic
pressure at the taill to free-stream dynamic pressure qT/q

was estimated from the data of figure 19 to be 1.05 at
150 miles per hour and 1.00 at 200 miles per hour. From
these data the value of Ch@e was computed to be -0.0031

and -0.0028 per degree at 150 and 200 miles per hour,
respectively. These values include the effect of the
geared unbalancing tabs. The difference at the two spseeds
is due to a flexible tab system that permits the tabs to
deflect under load; the result is about a 17 percent
reduction in tab deflection at 200 miles per hour as com-
pared with the no-load deflection. With a rigid tab
system the value of Ch@e would be about -0.003%3% per

degree, A4 value of Ch@e was calculated from the taill

characteristics by the method of reference 3. In order
to apply this method (CLG>T and Tgy Were estimated

from the curves of reference 6 to be 0.067 and 0.39,
respectively. The value of the hinge-moment parameter Ch@e

was then calculated to be -0.00325 per degree. This value
is in good agreement with the value computed from the
flight test data for a rigid tab-control system.

The position of the aerodynamic center has a large
effect on the values of Cth and Chg, Tfor the all-

movable tail. The effect for the tail with partial-span
tabs used in the present tests is shown in figure 21.
The computed value of ChaT of -0.,00C2 per degrese estab-

lishes the aerodynamic center at about 2li.3 percent mean
aerodynamic chord. This position is 1n close agrecment
with the value of 2l| percent mean aerodynamic chord shown
by data obtained at li5 miles per hour in reference 1.
Before the tralling-edge strips were attached, the aero-
dynamic center was between 20 and 21 percent mean aero-
dynamic chord. This forward position is attributed to a
relatively large trailing-edge angle (12° to 159). A
cusped tralling edge could be used to give a more rearward
aerodynamic~center position without the extra drag of
trailing-edge strips. A more rearward aerodynamic-center

15
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position would permit & more rearward hinge location, and
consequently less mass-balance welght would be required,

The all-movable tall was somewhat more highly bal- .
anced than the P-3%6A elevators. 1In order to give the same
stick-force characteristics as the P-36A slevators, the
all-movable tall would have had to have values of Chap

and Chg, of about -0.0015 and ~0.,00l0 per degree,
respectively.

The stick-centering springs used in the final flights
of this program gave an increment of stick force of
2 pounds per degree deflection. The relative magnitude
of the soring force through the speed range 1s shown in
figure 22, which also shows the magnitude of the loss in
stick force from the flexible tab system. PFigure 22 shows
that the centering springs doubled the stick force per
degree elevator deflection at 90 miles per hour and just
balanced the loss from the flexible tab system at 230 miles
per hour, ’

EXTRAPOLATED RESULTS AND SUPPLEMENTARY ANALYSES

Blevator Control in Landing

The all-movable tail is capable of develovping a
greater downward tall load in landing than a conventional
elevator and fixed stabilizer. Three-point landings,
therefore, can be made with more forward center-of-gravity
positions. With the present experimental tail installa-
tion, no appreciable movement of the center of gravity
could be obtained conveniently because of the sxcessive
amount of weight that weould have been required on the
nose of the ailrplane. Calculations were made, however,
which show the magnitude of the increase in permlissible
center~of-gravity range for three-polint landings resulting
from use of the all-movable tail on the XP-L2 airplane,
and the results are shown in figure 23. Figure 2% was
constructed by use of the method of refersnce 8 to obtain
the slopes of elevator angle against center-of-gravity
position and then by falring the curves through the test
points obtained for power-off three-point landings. The
7° elevator angle (all-movable tail) Ffor zerc tall angle
of attack that is indicated in figure 2% results from the

1
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Gifference between a 13° ajrplane ground angle and a
downwagh angle obtained by use of reference 9. The
assumed 14° tail angle of attack for tail stalling indi-
cated in figure 23 was obtained from the taxl runs of
reference 1 1in which the tail stalled with AO down ele-
vator, 13° airplane ground angle, and an estimated
39 downwash angle. fThe maximum up deflection of the all-
movable tail was limited to 3° below the tail stalling
angle to avoid any possibility of tail stalling. Figure 23
shows that, through use of the all-movable horizontal
tail, the permissible center-of-gravity range of the
XP~A2 airplane 1s increased to 20 percent mean aerodynamic
chord from an original range of 8 percent where the per-
missible range is defined by a rearward limit lor acceptable
stability in maneuvers and a forwsard limit for power-off
three-point landings.

A reduction in tail ares is possible with an all-
movable tail (reference 10} 1f more forward center-of-
gravity positions are used or if the tall-off neutral
point is shifted rearwsrds—PFilgure 2% snows that with the
present airplane a rcduction in tail area of 3% percent
could be effected and the 8 percent permissible center-of-
gravity range of the corizinal airplane could still be
retained, With the tsil area roduced, the sllowable
center-of-gravity runge would extend from 15 to 23 per-
cent mean aerodynamic chord instead of from 22 to 30 per-
cent, which is the range of the original airplane. The
forward shift of the most rearward center-of-gravity
position for acceptable stability with the reduction in
tall area was obtained by assuming the aerodynumic center
of the airplane with tail off to be at 10 percent mean
gerodynamic chord.

- C\:‘a

If an airplane is designed with a small horizontal
tail and a forward center-of-gravity position, particular
attention should be given, in the Jesign stage, to the
effects of power. 1If the appllcation of power with flaps
down causes a large nose-down pitching movement, the wave-
of f condition may become critical as the tauil area 1is
reduced becaussc of the possibility of tuil stalling,

Elevator Control in Turning Flight

The all-moveble tall with the servotab control
(referencc 1) offered the possiblility cof obtaining stick

A
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forceo in turning flight that would be dependent only on
the bobweight effect and would be independent, thereflfore,
of airplane center-of-gravity position and altitude. This
advantage is not obbtainable, of course, with the present
control arrangement. With the present tail the stick force
ver g in turns varies with airplaene center-of-gravity posi-
tion and altitude in the same way as with a conventional
slevator,

Calculations were made of the variation of stick

force per g with center-of-gravity position with the
present tall for different teb gear ratios, and the

results are shown in flgur 2. ”he region of desirable

stick forces is shown in figure 2L in accordance with the
requirements of refe¢rence L. For any given tab gear ratio
the center-of-gravity rangse 1s seen to be small, as 1s the
case for airplsnes having conventional elvators. For the
P- 56h ulrplane the center-of-gravity range extended approxi-

mately from 26 to 30 percent mean serodynamic chord.

If uvse is made of & cockpit control over the tab gesar
ratio (reference 7), desirable stick forces in turning
flight could be provided over any reasconable center-of-
gravity range. From figure 2, it is evident that, with

such a control and with tab gear ratios from 0.5 to 2.0,
degirable stick forces in bturns would be obtulnable for

a range of center-of-grevity positions from 10 percent
mean aerodynamic chord, which is the calculuted forward
limit for elevator control in landing, to 30 percent,
which 18 the rearward limlt for satisfactory stick forces
in turns for the P-3%36A airplane and the approximate rear-
ward 1limit for acceptable stability in stralght flight.

Elevator Conbtrol in Spins

o spins were made in the XP-l2 airplane with the
all-movable tail; however, the genersl spinning character-
istics can be precdicted from available spin-tunnel tests.
In 1938 tests were mads in the NACA lpnfoot free-spinning

tunnel of a model of the Curtiss P-3%36A sirplune. The
results indicated that good spin recovery was obbalned
by complete rudder reversal with the elevator held full
up. The angle of attack in the spin varied from 30°

to 50° and th corresponding u1r3heads (full scale) varied
from 1706 to 110 miles ner hour, respectively. Tests were
made recently in the NACA 20-foot free-spinning tunnsl

16
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of a Curtiss XP-604 model (the Curtiss P-3%6A model was

not available) with both a conventional and an all-movable
horizontal taill. The results of these tests. showed that
good spin recovery was obtained by rudder reversal alone
and that substituting the all-movable tail gave no signifi-
cant difference in spin recovery.

The all-movable tail will normally be stalled in a
spin and therefore will have a large hinge moment tending
to hold it in the up position. On most airplanes this-
moment is expected to be too large for the pilot to over-
come. It appears necessary with an all-movable tail,
therefore, to reguire that spin recovery be effected by
movement of the rudder and aileron controls alone. If
snin recovery is provided in this way, the excessive ele-
vator stick force would not be dangerous because the down-
ward pitching of the airplene when the spin stops would
unstall the elevator and permit the pilot to resume normal
control,

Elevator Contreol at High Mach Numbers

The present tail installation was designed for tests
in the low-speed range and no flights were made at high
Mach nunbers. Recent experience has indicated that a
conventional sealed elevator will meintain 1ts effec-
tiveness at least to Mach numbers for which severe com-
pressibility effects are encountered on the tall itselfl,
Tests of the all-movable tail also show that the stick
forces with the all-movable tall should be eguivalent to
those o a conventional elevator in order to glve satis-
factory elevator control at low speeds. On this basils,
for comparable tall sizes ths all-movable tail would
appear to offer no advantage over a conventional tall in
regard to control characteristics 2t speeds approaching
thet £or which severe compressibility effects occur on
the tail, As noted previocusly in the present paper
and in reference 10, however, the all-movable tall offers
the possibility of a reduction in tail size ag compared
withafixed-stabilizer tail. In this connection, refer-
ence 10 has shown that a reduction in tull size would be
expected to improve elevator conbrol characteristics at
speeds below that for which severe compressibility effects
cccur on the tail.

L7
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At speeds above that for which severe compressibility
effects occur on the tail itself;, however, recent tests
by the NACA wing-flow method have shown that the effec-
tiveness of a conventional elevator drops nearly to zero
for a small Mach number region slightly below a Mach
number of 1, whereas a sufficlently thin airfoil maintains
its effectiveness. It anpears, therefore, that either
an all-moveble tall or a movable stabilizer may be
required for control. PFor elther of these tails some
type of power boost appears mandatory in order to handle
the large compressibility hinge-moment changes that are
expected to occur. For the all-movable taill figure 25
shows a schematic drawling of a control-system arrangement
that 1s considered to satisfly the reqguirements of a
longitudinal control for Mach numbers anproaching unity.
The servocontrol would be locked in only for flight at
high ¥ach numbers and could be designed specifically for
this purpose without compromiscs to obtalin the rapid
rates of control movement regquired in take-off, landing,
and at low speed. Recause the servocontrol would be used
in only one speed range, stick-force variution with speed
would be relatively unimportant, and the servocontrol
could be made irreversible in order to dissoclate the
stick forces from hinge-moment changes due to compressi-~
bility effects. Stick force from a spring on the servo-
contrcl stick together with large servocontrol stick
movewment would provide essential control feel, It is
apparent that the suggested control system 1s equally
adaptable to a movable stabilizer. It can be concluded
then that =t Mach numbers at which severe compressibility
¢ffects arc encountered on the tail itself, the all-
movable tail wlll have no gerodynamic advantags over a
movable stabilizer. If an all-movable tail 1s employsd,
however, to obtain increased control in landing or a
greater center-of-gravity rangs, the control for high
Mach numbers will be equal to the control from any
stabilizer-elevator combination.

. CONCLUSIONS

From the results of the present flight tests of an
‘all-movable horizontal tail with geared unbalancing tabs
on the Curtiss XP-L2 airplane the following observations
can be mades

18



1. The unsatisfactory contrcl feel in rapid maneuvers
that had been obtalned in nreliminary tests of the all-
movable tail with servotab control was eliminated with
the pilot's stick connected directly to the elevator and
the tabs connected as geared unbalancing tabs. This
control arrangement provided sufficient variation of

stick force with elevator deflection to indicate to ths
pllot the amount of control he. was using.

2. Play in the tab-actuating system caused the
occurrence of a continuous control-free longltudinal
oscillation of short pveriod and small asmplitude. The
oscillation damped satisfactorily when the play in the
system was removed by means of a spring between the tabs
and the elevator.

4. The stick-free and stick-Iixed longitudinal sta-
bility ¢ kar¢cterlutlos of the ailrplane were not materlially
ed with the all-movable tail, '

ll. No unconventional elcv
igtics were encountered in sid
was stalled,

tor controel character-
3

&
lealips or when the airplane

5. A cockplt control over the tab gear ratio was
ound satisfauctory for adjusting the stick force per g
found satisfa ctwﬁ( for justing the stick force per g
in turns acceording tc the »ilot's preferencs.

6. It was found necessary to restrict the maximum

i evator 1 i_u. el ¥ 1 et

down-~el tor deflection to 60 erdsr to eliminate
powerful nose-down pitching moments in take-cff due to
nstalling of the elevator when the tall started up.

7. Stick-centering springs were required to increase
stick forces for landing. Because the all-movable tall
has 1anar hinge-moment cbafacte «otloL,the usgual increase
in stick force WiLh large up-elevator deflection is not
obtainocd.

8. In the final configurstion the all-movable tail
with geared unbalancing tabs was considered a satisfactory
control, The pilots considered the all-movable tail
indistinguishable from a good conventional elevator.

>

From an extrapolation of the flight ¢
from analyses c¢f control characteristics n

est data and
ot covered by
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the flight tests, the following additional observations
can be made:

1. If a cockplt control were used to vary the tab
gear ratlio of the all-movable tail from 0.5 to 2.0, satis-
factory contrnl forces in turns would be obtainable for
a range of center-of-gravity positions from 10 to 30 per-

ent mean aerodynamic chord.

2. If an up-elevator deflection of the present all-
movable tell of 17° were used, power-off three-point
landings could be made with the center of gravity at
10 vercent mean aerodynamic chord. For o nearly identical
airnlane, the P-%64, having a conventional fixed~stabilizer
horizontal tail, the corresponding forward permissible
center-of-gravity position was 22 psrcent mean aerodynamlc
cnord,

Z. With an all-movable tall reduced in area 35 per-
cent below thut of thwe conventlional fixed-stabllizer tail,
the sirpléne would have satisfactory charactsristics over
ths same total center-of-gravity range, bubt the range
would extend from 15 to 2% percent instead of from 22
to 30 percent mean aerodynamic chord for the conventional
filzed-stabilizer tail.

li. 3pin recovery would probably have to be provided
by rudcer and aileron action alone Tor an alrplane with
an all-moveble tail because the tall would be stalled,
and the resulting asrodynamic moment would probably pre-

e

vent the »nilot Irom reverazing the elevator until after
the onin hed been stopped.

5. There iz no inhsrent acsrodynamic advantage or
disadvantage of the all-movable tall over a conventional
elevator and fized stabllizer of comparable size ab Fach
nunbers below those for which scvere compressibility
effects are encountered on ths teil itself. The reduc-
tion in tall size obtainable with the all-movable tail,
however, would be expected to improve elevetor control
charscteristics for this high-speed range. At Mach
numbers néar unity the all-movable tail will require a
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power boost control that could be adapted as well to a
movable stabilizer. '

Langley Memorial Aeronautical Laboratory
Vational Advisory Committee for Aeronautics
Tangley Field, Va., May 17, 1946
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APPENDIX

GENERAL SPECIFICATIONS OF THE CURTISS XP-l2 ATRPLANE

®

NEIME & ¢ « o o o o o« o « « o o o o o o + o Curtiss Xp-L2
NUMBET + & v & « « « « o + o« « « » » Alr Corps No. 38-lL.
Engine . « v v « + « + « « » « Pratt & whitney R-1830-31
Rating (w1th 9Z2-octane gasoline used for the present
tests)s
Take-of f
HOTSEPOWEF v & & ¢« s+ o » « s o « s « + » o 1050
Manifold pressure, 1In. HE « + « « « « « « o 12.8
Engine speed, YPM + o o o o o s o s « « « » 2700
Climb
AT sea level
HOPSEPOWET o« o 4 4 & o o o o « o » « « « » 810
Manifold pressure, in. HZ « « + « « « « « o 3l
Engine speed, DM + +« ¢ + o o & o« & & « o« 2550
At 10,000 ft
borsenower e e e e e e o« o+ ¢ s s s o« 900
Manifold pressure, in. H0 B 1 1
ingine speed, I'PM + « + o s o o« s+ o« » « o+ 2550
Cruise
At 10,000 ft
HOTSGDOWGP - v e e s 4 e 4 s+ o+ e s « 570
Manilold oresoure ins HZ « & v v v v v . . 26
Engine speed, IDOL v o « o o o « « o o« + o« 2230
Supercharger (single-stage) gear ratio . . . 8.7
Propeller . . o « v v w i o s e . Curtlss electric

})ialnetel’9 ft . . * 3 0." . s . . s . . . * . . . . . lo
Number of Dblades . . v v & o o o « o o o o+ & o o » + 5
Gear ratio . . + « & . . . e e s e e s s e s . 1639

Fuel capacity, gal

muselage tank (removed for present tests) . . . . 60

Rear wing tanks . « « v v « 4 « o o « + + 4 « &« b1

Front wing tanks .« + « « « o o « o o« & « « « « « o k1
011 capacity, gal . + ¢ v & & o o s & o« « » « « « 13.5
Weight for present tests, 1b . . . . . . . . e 5800
Center-of-gravity vosition for present tests

(wheels up), percent WeA.Co v 4 4 v o o o o o « » 25.7
Length (over-all), £t .+ « « ¢ & ¢« & o o« &+ o« o« + & + 29
Height (over-all), ft

Three-point attitude . . . ¢« ¢« « &+ ¢« « + « « « . 10.5

Flying attitude . . o « v ¢« ¢ v v ¢ 4 4 « + o« o« « 9
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Wings
Span, f£ .« ¢ + « ¢« & « « +

Area, s It .+ & « & o 4 o o 4 o =
Alrfoil section, root . . . . . .
Lirfoil section, tip . .« + + « «
Mean aerodynamic chord, ft . . . .
Aspect ratio e e e e e e s s s
Taper ratio . . . . . .
Dihedral (leading edre of w1ng), a
Incidence, deg . . c e e e s s

Sweepback (leadling edge of wing)
Wing flaps (split type):

Area, 29 It . v . o v v 0 e e s s

Travel (maximum), deg .+ +« + o o &

Chord, ft . . . .
Allerons (Frise type)

Length, £t . . . s s e s e e s

Chord (maximum), £t . . « « « «

°

. 3 . ° . L L]

. o8 e

Area (including l..2L sq ft balance

0.11 sq £t trim-tab area), =sq £t
Deflection, deg
UD & ¢ v v v 6 o s « o o o o o o
DOWIl o v v 4 « 4 ¢« 4 % 4 e s 8 e
Vertical tail:
Pin area, s8g £t . . . e o e
Rudder area (including ba 1ance area
and tab area of 0.55 s8g ft), sq £t
Chord (maximum), £t . . . . . «
Offset from tarust axis, nose left,
Deflection (right and left), deg .
Horizontal tTailg

Original tail, identical with P-364 tail,

conventional fixed-stabillizer type

Span, £t . . . .

Area (1ncludwng 3. 56 bq £t fucelage)

Elevator area (including balance area of

Chord (maximum), £t .. . . « . .

Incidence (stabilizer nose upj, deg .

i

3.8 sq £t and tab area of 1.68 sq ft),bq ft . 1
. 1

5

Asnect ratio . . . « e s s

Distance from elevatof hinge line to

25 vercent I.A.C. of wing, rt .
Deflecticn, deg
UP o v v s ¢ v v o o o % & o
TOWIR o &« & o o o o & o o o o o

[ ] - ] . . * L ] 57 05
o - L] - 2 * . . 256
. « » « NACA 2215
o + » « « NACA 2209
- » . - - - . » 5 !9
s s s s e e ().1;5
g 2 » . . E ] L . . 6
o . . . ] - . E ] l
-] . . » - . 10257
L) . - £ ) - - 51-!—"8
- L[] . 9 * L] }—;—5/
o . » - ° * . l'r‘?b
L] » . . » [ » 6 .9)_:L
° » - * » . . 1.51—;—
ares and
® » o L] L] . L 8 01!—1
L L] L] o 2}.}_
1 ] - * L] a L2 ll
e e e . e v o 7.0
of 1.9l sq ft
e e . .. 13.7L
o ® o . L] - ® 2.5L!-
d g L] - . L] L ] 1 05
. e e« « o« A0
3 [ R 1 . 12-8
sq ft . 8.0
9.2
. e e . .69
L d L] a * * 2
o - . * L] . OL‘—Z
. . . . . 18.1
o . - - - . . - 28
L] L] - 1 2 L] L] E ] E ] 25
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All~-movable horizontal tail:
Span, £t . . .

Area (including 6.1 sg ft fuselage), sq

Tab area, s8¢ £t . + « v + &

- L ] » .
AS_peOt I"atio v . . » . » . o . ® . .
Teper ratio . . « + + o ¢« o o « » @
Mean aercdynamic chord, ft .« s e s

Distance from elevator hinge line to

25 percent ¥.A.C., of wing, £t .
Def'lection, deg '
UL ¢ ¢ o o o ¢ s a o o o o o 5 &
DOWI & o 6 o o &« o o o s » o s s o

°

* e =

. - - L) - ]

.77
L7.0
6
L6l
0.42
5.25

1,58
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NACA TN No. 1139 Figs. 3,4

Figure 3.- Three-quarter rear view of Curtiss XP-42 airplane
,with all-movable horizontal tail.

S
e

i

Figure 4.- Three-quarter rear view of Curtiss P-36A airplane.
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Figure 6.- All-movable horizontal tail deflected full up.
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 7.~ Three-view drawing of Curtiss XP-l2 airplane
with all-movable horizontal tail.
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All-movable tail -

Original tail

. NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 8,~ Plan view of Curtiss XP-AZ airplane showing location
of original and all-movable horizontal tails,
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44" i - lirg:m:
T L l \
G, fuselage : 7 1
- - - ST SN
| 2n - 17
| T F—13" 3
e 26, 52—
|
Area, sq ft !
Movable tail " 40.9
Fuselage 6.1 Tab i
Total 47.0 hinge line ™ 30m
Tab 3.6 i
4 o]
Aspect ratio 46 # -
Taper ratio 2.4:1
M oA.c o9 ft 3. 25
Thickness
Root 0,10 chord ~Elevator hinge
Tip 0.08 chord line at 0,24 chord
T4
! 4
— L ;
D%\L 0.28% > g0
I
Trailing-edge
Section A-4 ‘ strips
2an NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
Elliptical airfoil section to 0.75 chord
Max, thickness at 0.428 chord X
_,___.._{},__ — e - -
Root section v Straight contour
from 0.75 chord
to T.E.

1

Figure 9.~ Dimensions of all-movable horizontal tail for
Curtiss XP=-42 airplane,
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Figure 11,- Relation between tab angle and elevator angle and between
stick position and elevator angle for all-movable horizontal tail,
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Figure 13.- Representative static longitudinal-stability data
for XP-42 airplane with all-movable horizontal tail,
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P-36 A elevator angle, deg From thrust axs

A/'r,b/az;e VIFt coeFfreient , C;

Figure 14.~ Comparlison of the stick-fixed static longitudinal stability ..
of the XP-42 airplane with all-movable tail with the P-36A airplane,
Flaps and gear up. (Note that the elevator-angle scales are in-
versely proportional to elevator effectiveness; therefore equal
slopes represent approximately equal stability.)
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Figure 15.~ Representative data obtained in steady turns with

XP~42 airplane and all-movable tail.

Altitude, 8500 feet;

power on; manifold pressure, 34 in. Hg; engine speed, 2550 rpm;
center of gravity at 25.7 percent mean asrodynamic chord.
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Figure 16.- Sideslip characteristics of XP-42 airplane with
NATIONAL ADVISORY
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NACA TN No. 1139 Fig. 19
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